This paper investigates the level of liquidity of digital currencies during the very intense bearish phase in their markets. The data employed span the period from April 2018 until January 2019, which is the second phase of bearish times with almost constant decreases. The Amihud's illiquidity ratio is employed in order to measure the liquidity of these digital assets. Findings indicate that the most popular cryptocurrencies exhibit higher levels of liquidity during stressed periods. Thereby, it is revealed that investors' preferences for trading during highly risky times are favorable for well-known virtual currencies in the detriment of less-known ones. This enhances findings of relevant literature about strong and persistent positive or negative herding behavior of investors based on Bitcoin, Ethereum and highly-capitalized cryptocurrencies in general. Notably though, a tendency towards investing in the TrueUSD stablecoin has also emerged.
Introduction
Bitcoin and other digital currencies have spurred interest for research since late 2016 due to their increasing attractiveness as an investment tool. This has brought about a proliferating bulk of high-quality relevant academic papers (inter alia : Dyhrberg 2016a : Dyhrberg , 2016b Katsiampa 2017; Corbet et al. 2018 Corbet et al. , 2019 Beneki et al. 2019; Kyriazis 2019) . Cryptocurrencies are highly innovative means of transactions that have gained increasing popularity among investors and especially speculators seeking high profits, despite risk. Nevertheless, the functions of digital currencies as means for store of value and a unit of account are far from being established in the perceptions of economic agents. Nevertheless, the innovative character, the non-complexity and the lack of opacity in such currencies has led to the flourishing of issuance of new cryptocurrencies.
Decentralized transaction systems with blockchain technology have proven very promising for economic units of various risk appetites. Investments in digital currencies are considered to be extremely volatile although amazingly profitable in bullish periods. Investment and profit-making opportunities have also been apparent during bearish markets due to the high volatility of digital currencies. Emphasis should be paid to the fact that a small number of virtual coins that are most popular for investors make up a very large portion of market capitalization in the cryptocurrency markets.
This study builds on Wei (2018) which was the first academic paper investigating the liquidity levels of a very wide range of digital currencies. There are two main research hypotheses tested in this paper. Firstly, it is examined whether popular cryptocurrencies such as Bitcoin, Ethereum, Monero, Dash, Cardano and Steem are preferable by investors in bearish conditions in the cryptocurrency markets. Thereby, we investigate how the popularity and the incumbent character of specific coins in the virtual currency markets affect decision-making about active trading. market before such events. The preference of such traders is revealed for taking their positions two days before large positive events and one day before large negative events. This triggers large profits from trading. Corbet et al. (2018) employ a generalized variance decomposition methodology to measure the direction and intensity of spillovers across Bitcoin, Ripple, Litecoin and other selected markets. There is evidence that cryptocurrency markets are interconnected with each other and present similar patterns of connectedness with other important asset categories. Furthermore, Panagiotidis et al. (2018) examine the determinants of Bitcoin returns from June 2010 to June 2017 by adopting a Least Absolute Shrinkage and Selection Operator (LASSO) approach. Evidence uncovers that uncertainty negatively influences returns whereas currency exchange rates as well as interest rates, gold and oil have positive effects. The predicted signs are found for information demand and mixed impacts are traced from stock markets. Empirical outcomes reveal that search intensity and gold returns are the most influential. Amid literature on price determinants is Kim (2017) who examines the transaction cost of Bitcoin from April 2014 to April 2015. He argues that the bid-ask spreads of Bitcoin exchanges are lower than those of the retail foreign exchange market. This cost advantage equals 5% and is due to the simpler infrastructure and the efficiency that characterizes the Bitcoin market.
In another vein, Adhami et al. (2018) analyze 253 Initial Coin Offerings (ICOs) of cryptocurrencies from August 2014 to August 2017 in order to reveal the determinants of their success. They document that when the code source is available, a token presale is organized and tokens allow contributors to access a specific service or to share profits, then success is higher. Bouri et al. (2018) employ the Generalized Supremum Augmented Dickey Fuller (GSADF) test in order to study co-explosivity in cryptocurrency markets. They detect multiple periods of explosivity, especially during the 2017 bullish market and this is more intense concerning Bitcoin. Explosivity in a digital currency market is found to affect explosivity in markets of other virtual coins. Moreover, Bouri et al. (2019b) reveal that the market of cryptocurrencies presents time-varying herding behavior. High comovement is detected in the cross-sectional returns' dispersion across digital currency markets. This implies that mimicking of others' decisions takes place by investors in digital currency markets. Schilling and Uhlig (2019) present a model of an endowment economy with the US dollar and Bitcoin constituting two competing but intrinsically worthless currencies. They support that fluctuations in prices are not harmful for the medium-of-exchange function of Bitcoin. Moreover, they support that if all economic units were impatient, no speculation opportunities would occur in the Bitcoin market. Giudici and Abu-Hashish (2019) adopt a correlation network Vector Autoregressive (VAR) process and provide evidence that Bitcoin prices from different exchanges are highly interrelated and that prices from larger exchanges drive prices in smaller ones. Furthermore, they support that the inclusion of Bitcoin in portfolios results in diversification benefits. Ji et al. (2019) investigate the spillovers among six major virtual currencies by building positive and negative returns-connectedness and volatility-connectedness networks. They argue that leading digital currencies are interconnected and that Litecoin exerts a significant impact on Bitcoin and other digital coins of primary importance. Asymmetries in spillovers are also detected and are larger in negative-return spillovers than in positive-returns impacts. Kyriazis et al. (2019) examine whether high-capitalization cryptocurrencies are affected by Bitcoin, Ethereum and Ripple during bearish times by employing a number of Generalized Autoregressive Conditional Heteroskedasticty (GARCH) specifications. Evidence reveals that the majority of digital coins investigated are complementary with the three drivers of the market and that no hedging abilities exist. Bouri et al. (2019a) examine the persistence in the level and volatility of Bitcoin prices by taking into consideration the impact of structural breaks. They argue for the existence of long-memory in volatility of Bitcoin and identify structural changes in the dynamics of this leading digital currency. Moreover, Bouri et al. (2019c) investigate the ability of trading volume of seven major digital currencies on predicting their returns and volatility. They provide evidence that trading volume triggers extreme negative and positive effects of all currencies under scrutiny whereas only influences the volatility of Litecoin, Nem and Dash. Ferreira and Pereira (2019) examine the contagion effects in markets of virtual currencies by employing detrended cross-correlation analysis coefficients. They provide evidence that the contagion effect between Bitcoin and other digital coins has been more intense and that the digital currency market has been more integrated during bearish times. Hyun et al. (2019) examine dependency among Bitcoin, Ethereum, Litecoin, Ripple and Stellar using a copula directional dependence (CDD) approach. They provide evidence that dependency from Bitcoin to Litecoin is the highest one and that dependency from Ethereum to the other four currencies is higher than the other way around. By their own perspective, Dastgir et al. (2019) investigate the causality between the Google Trends search queries and returns of Bitcoin from January 2013 to December 2017, by applying a Copula-based Granger causality in Distribution (GCCD) test. They document that a bi-directional causal nexus between Bitcoin attention and Bitcoin returns exists mainly in the left tail (bad performance) and the right tail (superior performance) of the distribution, but not in the central distributions. In a somewhat similar vein, Shen et al. (2019) use the number of tweets from Twitter as a measure of attention and examine their influence on Bitcoin. They argue that tweets constitute a significant determinant of the next day's trading volume and realized volatility of Bitcoin.
Data and Methodology
This study has undertaken the strenuous task of investigating the level of liquidity of cryptocurrencies during the second phase of bearish behavior in the digital coins market. In order to provide the most representative view of liquidity in virtual currencies, we have downloaded, from the reliable source of coinmarketcap.com, the full spectrum of such currencies that existed on 12 February 2019. This has led to a total number of over 1900 coins from which we have short-listed only those that did not have gaps in the time series of their quotes. Thereby, the final sample consists of 846 digital currencies that cover the extra-bearish period of 1 April 2018 to 31 January 2019. All quotes about prices and trading volume are in daily frequencies.
The methodology employed for our estimations is based on the well-known Amihud's illiquidity ratio based on Amihud (2002) , which takes the following form:
where D T represents the number of traded days during the period examined, R i t,T stands for the daily return of digital currency i on day t, V i t is the volume traded of asset i in day t and P i t represents the daily price of cryptocurrency i on day t. All market prices of digital coins are expressed in relation to US dollars. It should be noted that the currencies that exhibit low values of the Amihud's illiquidity ratio are considered to the most liquid.
Empirical Results
In Tables 1 and 2, we categorize cryptocurrencies into eight groups based on the Amihud's illiquidity ratio in order to detect investors' trading preferences during the distressed bearish period investigated. The first group represents the most liquid digital currencies whereas the eighth group is comprised by the least liquid ones. It can be observed that the most important coins in the cryptocurrency markets, such as Bitcoin, Ethereum, Monero, BitcoinCash, IOTA, Tether, EOS, Ethereum Classic, Stellar, Stratis, Dash and Cardano remain the most popular across investor trading preferences even in bearish periods, despite their large price decreases. In this highest liquidity group, the Amihud's illiquidity ratio takes values from 9.09 × 10 −28 (most liquid) to 5.66 × 10 −12 (least liquid in this group). The number of active traders of these currencies remains high as it costs less for investors and speculators to trade with these coins due to lower spreads as well as lower transaction costs. Investors believe that if the liquidity of a cryptocurrency is low, it is more difficult to make profit from it as it would be more time-consuming to find a preference matching with other traders willing to make the opposite move. This is why more liquid assets are found to be more preferable during distressed times and not only during flourishing periods that previous academic work has shown (Wei 2018) .
On the other hand, less known virtual currencies such as the 808, Dix Asset, Sprouts and WeAreSatoshi appear to exhibit much lower levels of liquidity. More specifically, the Amihud's illiquidity ratio takes values from 1.95 × 10 −6 to 0.017296 in this eighth group of currencies that stands for the least liquid digital coins. This provides evidence that investors do not prefer during bearish periods currencies that traditionally exhibit low market capitalization, as they are considered more costly to invest in.
Overall, our findings are partly in line with conventional methods for measuring liquidity, based on, such as, the market capitalization or the trading volume of digital currencies. As one can easily observe, the great majority of high-capitalization cryptocurrencies are found to be the most liquid ones according to the Amihud's illiquidity ratio. Moreover, lower-capitalization currencies are part of the lower-liquidity groups based on the categorization performed by Amihud's method. Liquidity examination based on trading volume brings about similar outcomes.
The results of our study are informative about the potential that investors have on substituting investments in high-capitalization cryptocurrencies with lower-capitalization ones during turbulent times when market values of Bitcoin are decreasing. Evidence reveals that there is little tendency of economic agents to invest in alternative digital currencies, but only in the best-known ones. It is remarkable that the most liquid currency during this bearish period, which leaves Bitcoin at the second place, has been the TrueUSD stablecoin that is tied to the US dollar. This is very informative about investors' preferences during distressed times. Notably, they do not abandon investments in the already unstable cryptocurrencies in order to invest in less known and probably more volatile ones, but they rather invest in a coin tied to the most prestigious international currency that carries a global legal tender. These findings reveal that economic units tend to diversify their portfolios and hold a mildly more risk-averse investment profile during crises rather than a more risky attitude.
Conclusions
Liquidity has been one of the principal interests of investors and speculators when they decide how to conduct active trading on a particular asset. Cryptocurrencies constitute innovative forms of investment assets where markets are characterized by high levels of herding behavior and a very large portion of market capitalization is concentrated in a small number of important currencies. This study undertakes the task of estimating the level of liquidity during bearish times in cryptocurrency markets for every digital currency on about which full data are provided in a daily frequency. Thereby, the extra-bearish second phase of downwards movements in digital currency markets is under scrutiny, spanning from 1 April 2018-when the second very sudden drop in digital coin prices took place-until 31 January 2019 when the market started recovering. This paper casts light on whether the active trading preferences of investors are more favorable for well-established cryptocurrencies such as Bitcoin, Ethereum, Ripple, Litecoin, BitcoinCash, Cardano, Stellar and Nem. Previous academic work (Bouri et al. 2019a ) has identified these currencies as the primary determinants of herding behavior.
The Amihud's illiquidity ratio by Amihud (2002) enables us to categorize the finally short-listed digital currencies into eight groups, where the first group stands for lower values of the ratio, that is the most liquid cryptocurrencies. Results reveal that the leading virtual currencies that also exhibit the highest market capitalization in normal times, remain the most actively traded digital assets also during bearish periods. The Amihud's illiquidity ratio takes values from 9.09 × 10 −28 (most liquid) to 5.66 × 10 −12 (least liquid) in this first group that presents the highest levels of liquidity. On the other hand, the eighth (least liquid) group comprises of significantly less known virtual coins that are much more costly and time-consuming to invest in. This group of least liquid currencies present values for Amihud's illiquidity ratio that are significantly lower than those of previous groups. Lower spreads and lower transaction costs remain the basic determinants of popularity that most liquid cryptocurrencies enjoy, even in distressed times. It is worth noting that the highest-capitalization digital currencies remain the most liquid during distressed periods. Intriguingly, the most liquid currency is found to be the TrueUSD stablecoin which is tied to the US dollar. This reveals that during bearish trends in the cryptocurrency market, investors are slightly more adverse to risk. This is the reason why they diversify their portfolios through the inclusion of less volatile currencies tied to legal and widely-approved forms of money. This paper is the first one to provide an overall view of the liquidity levels concerning a very wide range of digital currencies during the intensely bearish period in digital currency investments. The main research axis of this study lies on investigating how the popularity and the incumbent character of specific coins in the virtual currency markets affect decision-making about active trading. Our results reinforce previous findings that support the existence of a leading group of high-capitalization currencies being the determinants of herding behavior and the vivid investor sentiment in cryptocurrency markets.
